Abstract: Alveolar soft-part sarcoma (ASPS) is a very rare malignant tumor, usually of the extremities, and is seen most often in adolescents and young adults. Surgical excision of the primary and pulmonary metastases has resulted in prolonged survival in some patients, but adjuvant radiation and/or chemotherapy are generally thought to be ineffective. The authors describe a 13-year-old patient with ASPS of an extremity who presented with multiple bilateral pulmonary metastases at diagnosis. Following intensive multiagent chemotherapy, pulmonary metastases showed in vivo evidence of tumor death. The patient has remained disease-free for 10 years following treatment.
ASPS represents less than 1% of all sarcomas in children and adults. [3] [4] [5] The average age at diagnosis is 20 years for women and 30 years for men. The tumor is frequently localized in the lower extremities in adults 6 and in the head and neck (especially the orbit and tongue) in children. [1] [2] [3] [4] 7, 8 Debate and controversy exist regarding the derivation of ASPS. 2 Metastases commonly appear in the lung and brain. 6 ASPS is a slow-growing, indolent tumor with metastases that may appear late. 6 Even though its progression is indolent, it is considered to be a malignant tumor. All ASPS tumors are considered high grade, and in the long run ASPS is usually a fatal disease. Death has occurred from disseminated sarcoma as late as 20 years after diagnosis. After surgical excision of the primary tumor, local recurrence occurs in 11% to 50% of patients. 9 The survival rate is reported to be 45% to 88% at 5 years, 38% at 10 years, and 15% at 20 years. 6, 9, 10 Children have better overall survival compared with adults.
11
Surgical excision with an attempt at obtaining tumorfree margins is accepted as the treatment of choice for both primary tumors and metastatic tumors in the brain and lung. 12, 13 It is commonly believed that adjuvant radiation therapy and/or chemotherapy do not provide any improvement in disease control or survival. 12 We describe an adolescent patient in whom a large proportion of pulmonary ASPS metastases responded to aggressive multiagent chemotherapy, including ifosfamide and etoposide. The Institutional Review Board office of Marshfield Clinic Research Foundation has determined that reporting of this case does not require Institutional Review Board approval.
CASE REPORT
A 13-year-old patient presented with a 2-month history of increasing left leg pain with a palpable mass in the left popliteal region. An initial biopsy confirmed ASPS with nests of large, loosely arranged polygonal cells surrounded by capillaries, resembling alveoli. 1 Cells exhibited characteristic periodic acid Schiff-positive, diastase-resistant crystalline materials intracellularly ( Fig. 1) . 3, 7 The initial biopsy had gross margins that were disease-free, but this was not considered adequate for sarcoma surgery. The initial CT scan of the chest done before the limb salvage procedure showed bilateral pulmonary nodules. There were two on the left, measuring 4 to 8 mm, and two on the right, measuring 4 mm in largest diameter. A radical re-excision limb salvage procedure was then performed, taking down the whole head of the lateral gastrocnemius and the soleus muscles. The flexor hallucis longus was also excised. All margins were free of disease.
Following informed consent, the patient was started on the soft tissue sarcoma chemotherapy protocol of the Clinical Oncology Group of the Upper Midwest (COGUM-91-91-10). After the first two cycles of therapy (12 weeks), a left thoracotomy was performed and 13 metastatic nodules were removed. They measured 2 to 4 mm in largest diameter. Four of the 13 nodules were positive for ASPS. The metastatic tumors were discretely nodular and eosinophilic without alveolar pattern (Fig. 2) . The remaining 16 fibrotic nodules showed necrosis and evidence of cell death, typical of tumors responding to chemotherapy.
Six weeks later a total of 11 nodules were removed from the right lung, with the largest diameter being 4 mm. Four of the 11 nodules were positive for tumor. Altogether, in both lungs 16 of 24 pulmonary nodules showed in vivo tumor cell destruction. The patient remains disease-free and clinically well with full activity over 10 years since the initial diagnosis.
DISCUSSION
While surgical resection of ASPS primary and metastatic tumors remains the treatment of choice, the identification of an effective adjuvant chemotherapy to kill residual and micrometastatic tumors, especially for children, remains a challenge. 11 It is difficult to obtain adequate margins and prevent hematogenous spread during surgical resection, and both local recurrence and distant metastases may result. 12 Adjuvant radiation therapy has been given to some children, but the effects are difficult to evaluate. 11 The intensity of the chemotherapy used in our patient seems to have been effective on the smaller pulmonary metastatic tumors, where only fibrous tissue remained. The size of the primary tumor may correlate with survival: worse survival rates ensue when the tumor diameter is more than 5 cm. Others, however, could not demonstrate any correlation between survival and clinical presentation, histology grade, vascular invasion, or p53 mutation.
14 In our patient, the complete in vivo killing of 67% (16/24) of pulmonary ASPS metastases suggests significant sensitivity to a five-drug chemotherapy regimen containing ifosfamide and etoposide.
Chemotherapy has been used in several reported adolescents with ASPS, but only one of eight has been a long-term survivor greater than 46 months. 11, 15, 16 Six patients have received ifosfamide (n = 6) and/or etoposide (n = 4). 11, 16 Most nonembryonal soft tissue sarcomas respond poorly to chemotherapy. 17 Regimens containing doxorubicin, cyclophosphamide, cisplatin, vincristine, dacarbazine, and other agents have not been shown to be effective in the preoperative and/or postoperative treatment of ASPS. 11, 18 While adjuvant chemotherapy is generally believed to be of little value, other reports now question this assumption. Baum et al reported a case in which 92 malignant pulmonary ASPS metastases were surgically excised, followed by adjuvant combination chemotherapy (vincristine, actinomycin D, cyclophosphamide, and doxorubicin), resulting in disease-free survival for at least 5 years. 19 Although radiotherapy and chemotherapy have occasionally been reported to produce regression or slow the spread of metastases, 18, 20 no results of controlled studies are available. Both ifosfamide and doxorubicin have been shown to be active against adult soft tissue sarcomas. 21 In children, ifosfamide alone has been found to be active in a range of sarcomas resistant to cyclophosphamide treatment. 22 Objective partial response to etoposide alone has similarly been reported in children with rhabdomyosarcoma and Ewing sarcoma. 23 In recurrent soft tissue sarcomas treated with only ifosfamide and etoposide in similar doses as our patient, 56% of 77 children and young adults had either a partial or complete response to this therapy alone. 17 None of these patients had ASPS, however. In another study, adding eight cycles of ifosfamide and etoposide to standard intermediate-risk rhabdomyosarcoma and undifferentiated rhabdomyosarcoma resulted in an overall survival of 91% at 3 years. 24 Because of the indolent nature of ASPS and the prolonged interval between primary presentation and the appearance of metastases, the 10-year disease-free survival of our patient is encouraging. However, the large proportion of pulmonary metastases responding in vivo to an aggressive fivedrug chemotherapy regimen incorporating ifosfamide and etoposide suggests that this chemotherapeutic regimen may have a role in the adjuvant therapy for surgically treated ASPS.
